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Researches  in  the  Nervous  System  of  Myxine  glutinosa. 


By  ki:Em.Ti^k-^D^^B,  M.R.C.S.,  F.L.S.  • 

I  AM  indebted  to  the  authorities  of  the  zoological  station  at  Granton  for  an  oppor- 
tunity of  procuring  specimens  of  Myxine  glutinosa,  and  I  take  this  opportunity  of 
thanking  them  for  allowing  one  of  their  officials  to  accompany  me  to  the  spot  where 
these  animals  abound,  and  to  afford  me  such  information  as  to  enable  me  to  mark  the 
place  on  my  chart. 

Myxine  glutinosa  appears  to  be  especially  abundant  at  the  entrance  of  the  Firth  of 
Forth,  but  the  distribution  seems  to  be  limited,  as  at  Berwick-on-Tweed,  a  place  only 
about  fourteen  miles  distant,  the  fishermen  knew  nothing  about  them.  A.t  the  spot 
indicated,  however,  they  swarmed,  and  two  hours  sufficed  to  fill  some  half-dozen  traps 
to  overflowinof. 

Since  the  illustrious  Johannes  Muller  published  his  dissections  of  the  Myxinoids, 
very  little  has  been  written  on  that  family ;  in  addition  to  the  Morphological  Papers 
of  Cunningham,  and  the  researches  of  Fritjof  Nansen  and  FtETZius  on  the  spinal 
cord  of  Myxine,  and  one  or  two  more,  all  other  papers  on  the  Cyclostomata  have  been 
concerned  with  the  family  Petromyzontidse. 

I  found  it  very  difficult  to  make  the  nervous  tissue  hard  enough  to  be  sectioned. 
A  year  in  solution  of  potassium  bichromate  was  not  too  long,  and  the  spinal  cord  was 
still  soft  even  after  that  period  ;  indeed  it  was  necessary  to  use  Erlicki's  fluid  in 
order  to  get  the  latter  hard  enough  to  make  tolerably  fine  sections. 

The  stain  I  used  principally  was  the  aniline  dye  known  in  commerce  as  soluble 
blue ;  it  is  not  to  be  supposed,  that  because  I  adhere  to  this  stain,  that  I  have  tried 
no  other.  From  time  to  time  I  have  employed  all  the  chief  methods,  but  have  found 
that,  with  few  exceptions,  soluble  blue  shows  as  much  as,  if  not  more  than,  any  other 
stain. 

The  exceptions  are  some  that  work  in  a  different  way,  with  Golgi's  chromo-silver 
method  I  have  not  been  successful  in  the  case  of  Myxine,  and  cannot  show  figures 
resembling  those  given  by  Nansen,  probably  because  my  material  had  been  too  long 
in  potassium  bichromate  solution  ;  but  the  wonderful  results  gained  by  Gustav 
Retzius*  with-  the  aid  of  Ehrlich's  methyl  blue  when  applied  to  the  living  aniraal  it 
is  hopeless  to  emulate,  at  least  until  I  have  an  opportunity  of  procuring  fresh 
material.    I  have  not  tried  Weigert's  hfematoxylin  method  in  Myxine,  as  it  stains  the 
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medullary  slieatb  only,  and  the  nerves  in  this  animal  do  not  possess  that  structure, 
so  that  the  process  in  question  would  probably  be  without  result. 

•    -  The  Skull.         .     .   -  , 

The  skull  in  Myxine  glutinosa  is  entirely  devoid  of  either  osseous  or  cartilaginous 
tissue,  but  is  formed  of  thick  fibrous  membrane,  with  the  exception  of  the  ear 
capsules,  tlie  base  of  the  skull  between  them,  and  the  trabeculse,  which  are  all 
cartilaginous.  Dr.  A.  Retzius*  described  a  colourless  transparent  lamella  of  cartilage 
outside  the  fibrous  skull,  but  probably  he  referred  to  the  base,  as  he  remarked,  that 
it  was  found  especially  below. 

Beneath  the  fibrous  membrane  forming  the  outer  framework  of  the  skull  lies  the 
dura  mater  (fig.  2,  d.m.),  which  itself  is  also  fibrous,  and  is  divided  into  several  layers ; 
anteriorly  these  layers  are  united  together,  and  are  attached  to  the  skull  on  the 
posterior  margin  of  the  olfactory  sac.  The  space  between  the  layers  of  the  dura 
mater,  and  between  the  internal  one  and  the  external  surface  of  the  brain,  is  filled  by 
a  species  of  undeveloped  connective  tissue,  which  has  a  jelly-like  and  finely  granular 
appearance,  and  in  some  places  shows  obscure  indications  of  fibrillation. 

Blood  sinus. 

A  large  blood  sinus  (fig.  5,  h.v.),  extends  along  the  central  line  of  the  dorsal  side  of 
the  brain  in  a  longitudinal  direction,  not  following  the  contour  of  the  brain,  but 
passing  from  the  summit  of  ooe  tuberosity  to  that  of  the  next  in  front  of  it.  Above 
the  upper  edge  of  the  third  ventricle,  this  sinus  divides  into  two  branches,  which 
again  divide  into  numerous  capillaries  forming  a  spongy  tissue  or  choroid  plexus  (figs. 
3  and  4,  c.pl.),  which  extends  to  the  anterior  end  of  the  cerebrum,  to  the  depression 
between  the  latter  and  the  olfactory  lobe.  This  structure  does  not  homologize  with 
the  epiphysis,  but  rather  with  the  choroid  plexus. 

MuLLER  has  figured  a  body  distinctl}"  projecting  from  the  upper  surface  of  the 
brain  in  a  corresponding  position  in  Bdellostoma  ;  anything  resembling  this  is  not  to 
be  seen  in  the  brain  of  Myxine,  where  there  is  no  projection  above  the  general  level 
of  the  dorsal  side  of  the  brain.  It  might  probably  be  the  epiph^^sis  in  Bdellostoma, 
but  MuLLER  does  not  explain  it. 

These  facts  show  that  the  epiphysis  is  not  developed  in  Myxine,  and  a  fortiori  there 
are  no  indications  of  the  pineal  or  parietal  eye,  a  fact  which  might  be  thought  strange, 
considering  how  well  developed  this  structure  is  in  Petromyzon,  in  which  animal  it 
was  first  described  by  AnLBORNt,  and  afterwards  by  Owsjannikow|,  and  others. 
This  organ,  however  (which  Beraxeck§  has  shown  to  be  distinct  from  the  epiphysis, 
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although  originally  developed  therefrom),  appears  to  have  rather  an  arbitrary  distri- 
bution. As  Baldwin  Spencer  has  shown  in  his  elaborate  memoir,  it  is  well 
developed  in  Lacertilia,  but  it  is  not  found  in  any  of  the  higher  fishes,  neither  in 
Ceratodus,  Elasmohranchii,  nor  in  Teleostei  ;  then  it  suddenly  appears  in  the  low  form 
Petromyzon  as  well  developed  as  in  many  lizards,  and  in  some  respects  the  latter  may 
be  considered  even  better  provided  with  these  organs,  as  it  possesses  two  parietal 
eyes,  so  that  if  these  were  ever  functional  at  the  same  time,  this  animal  had  four  eyes. 
This  has  been  shown  by  Owsjannikow,*  who  has  demonstrated  that  the  internal 
body  in  the  animal  in  question  presents  nearly  as  good  a  retinal  structure  as  the 
external  body. 

If  the  membrane  mentioned  above  represents  the  dura  mater,  as  seems  probable 
from  its  being  in  closer  relation  to  the  skull  than  to  the  brain,  then  the  pia  mater  is 
not  present  in  this  animal,  unless  the  undeveloped  jelly-like  tissue  (figs.  2,  3,  4,  5,  p.m.) 
may  be  supposed  to  represent  it ;  this  idea  is  rendered  probable  by  the  fact  of  its 
carrying  the  blood-vessels  destined  to  supply  the  brain. 

This  seems  to  be  the  proper  place  to  mention  a  structure  (figs.  3  and  4,  o.m.)  which 
is  not  found  elsewhere  than  in  Myxine  and  Petromyzon,  although  it  is  only  indi- 
rectly connected  with  the  skull  or  membranes  of  the  brain ;  this  is  a  tube  which, 
opening  in  Myxine  at  the  extreme  dorsal  edge  of  the  ujiper  lip,  passes  backward  to 
the  olfactory  sac,  where  it  is  divided  by  a  horizontal  partition  into  two  stages,  the 
upper  of  which  passes  into  the  olfactory  sac,  the  lower  one  passes  backward  beneath 
the  base  of  the  skull  to  enter  the  branchial  apparatus.  It  appears  to  have  been 
known  as  far  back  as  1822,t  as  Dr.  RETZiust  mentions  it  in  his  j^aper  on  Myxine 
glutinosa.  It  is  this  structure  which  Dr.  BeardJ  looks  upon  as  the  remains  of  the 
original  vertebrate  mouth.  Without  expressing  an  opinion  as  to  the  merits  of  the 
rival  theories  of  the  origin  of  the  Yertebrata,  I  may  mention  here  that  there  is  no 
communication  whatever  between  this  tube  and  the  hypophysis  cerebri,  a,t  least  in  the 
adult  specimens  that  I  have  worked  upon. 

The  glandular  hypophysis  in  this  animal  was  recognized  by  J.  Muller,§  who  saw 
the  depression  in  the  base  of  the  skull  in  which  it  is  situated.  At  the  point  where 
this  structure  is  imbedded  the  walls  of  the  skull  are  membranous.  This  body  is  quite 
isolated,  for,  just  as  it  is  divided  off  from  the  above-mentioned  tube  by  the  mem- 
branous base  of  the  skull,  it  is  also  divided  from  the  infundibulum  above  by  the 
epithelial  lining  of  the  same. 

In  the  vertebral  canal — or,  to  be  more  exact,  in  the  canal  of  the  chorda  dorsalis — 
the  space  not  occupied  by  the  spinal  cord  is  filled  by  a  tissue,  which  forms  meshes 
in  such  a  way  as  to  give  the  appearance  of  large  cells,  and  causing  it  to  resemble  the 
connective  tissue  which  exists  immediately  beneath  the  skin ;  toward  the  external 
edge  this  tissue  is  finished  off,  as  it  were,  by  a  thickening  of  its  suhstance,  which 
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makes  a  firm  border,  of  membranous  consistence,  exactly  filling  the  dorsal  part  of  tKe 
canal,  following  the  contour  of  what  in  higher  Vertebrata  would  be  the  dorsal 
arches.  .   -    .  . 

The  meshes  of  this  quasi -cellular  tissue  are  filled  by  a  substance  resembling  the 
undeveloped  connective  tissue  which  fills  the  space  between  the  outer  surface  of  the 
brain  and  the  dura  mater.  Freud"'  terms  this  substance  arachnoid ;  whatever  . it 
may  be  in  Petromyzon,  it  is  not  arachnoid  here.  For  one  thing,  it  is  not  a  continuous 
membrane,  but  a  continuous  areolar  tissue.  How  far  it  corresponds  to  the  tissue 
which  GASKELLt  supposes  to  be  the  degenerate  remains  of  th&  Arthropod  liver,  I  am 
not  called  upon  to  decide  here. 

The  Brain. 

The  external  aspect  of  the  brain  shows  but  slight  indications  of  division  into  parts." 

The  olfactory  lobes  (fig.  1)  are  distinctly  separated  from  each  other  by  a  longitudinal 
fi^ssure  which  extends  completely  from  above  downward ;  they  are  separated  from  the 
cerebrum  behind  by  a  very  shallow  transverse  furrow. 

The  two  lobes  of  the  cerebrum  are  separated  from  each  other  by  a  deep  fissure 
which  gradually  becomes  shallower  at  its  posterior  end. 

Longitudinally,  the  cerebrum  passes  without  division  into  a  pair  of  tuberosities 
behind,  which  occupy  a  position  corresponding  to  that  of  the  tubercula  intermedia 
of  GoTTSCHE.;j;  These  tuberosities  are  much  larger,  in  proportion  to  the  other  parts  of 
the  brain,  in  this  species  than  in  any  other  family  of  fishes.  Between  the  two  lobes 
of  these  tuberosities  a  ganglion  is  situated,  consisting  of  small  cells  or  nuclei ; 
anteriorly  this  ganglion  projects  free  into  the  fissure  separating  the  two  lobes  of  the 
cerebrum  from  each  other,  but  posteriorly  it  is  immersed  in  the  parenchyma  of  the 
tubercula  intermedia.  The  structure  and  supposed  homology  of  this  ganglion  will  be 
considered  further  on. 

Behind  the  tubercula  intermedia,  and  separated  from  them  by  a  deeper  depression' 
and  a  central  pit,  which  latter  is  occupied  by  a  part  of  the  longitudinal  blood  sinus, 
are  situated  two  bodies  which  correspond  to  the  position  of  the  corpora  bigemina ; 
these  end  posteriorly  in  a  point,  and  are  embraced  laterally  by  a  pair  of  converging 
processes  proceeding  backward  ;  these  belong  to  the  medulla  oblongata  and  represent 
the  corpora  restiformia,  giving  origin  at  their  anterior  extremity  to  the  trigeminus. 

It  is  remarkable  that  the  cerebellum,  which  in  other  fishes  would  occupy  the  space 
between  these  two  diverging  processes,  the  corpora  restiformia,  is  here  entirely  absent, 
and  that  these  processes  do  not  join  the  posterior  pair  of  tuberosities.  This  fact  was 
recognized  by  A.  Betzius§  as  far  back  as  the  year  1822. 

The  medulla  oblongata,  which  is  formed  by  the  two  restiform  bodies  and  the 
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depression  between  them,  the  sinus  rhomboidalis  passes  gradually  into  the  spinal 
cord,  changing  its  form,  through  cylindrical,  to  that  of  an  open  book  turned  down 
on  its  face. 

Olfactory  lobes. 

The  distinctive  mark  of  the  olfactory  lobes  in  all  vertebrata  is  the  presence  of 
glomeruli  olfactorii,  which  were  first  discovered  by  LEYDicr"'  in  the  Elasmobranchii. 
Myxine  is  no  exception  to  this  rule,  indeed  they  are  more  highly  developed  even  than 
in  some  Teleostei,  although  not  more  so  than  in  Elasmobranchii  and  Ceratodus.  In 
Myxine  these  lobes  are  the  only  parts  of  the  brain  (except  the  ganglion  habenulse) 
which  show  any  distinctive  histological  character.  This  is  in  accordance  with  the 
degenerative  nature  of  these  animals,  and  their  semi-parasitic  habit.  As  they  are 
totally  blind  they  depend  upon  their  sense  of  smell  for  detecting  and  following  their 
prey.  That  their  sense  of  smell  is  acute  is  shown  by  their  discovering  the  small 
aperture  of  the  wooden  boxes  used  as  traps,  in  the  darkness  of  midnight  and  at  a 
depth  of  34  fathoms  of  water ;  this  proves  that  they  could  only  have  been  guided  by 
the  scent  of  the  fresh  herrings  used  as  bait.  Their  semi-parasitic  habit  is  demonstrated 
by  their  entering  the  mouth  of  fish  caught  by  the  long  line,  and  remaining  in  the 
abdominal  cavity  until  the  whole  interior  parts  are  consumed  and  nothing  but  the 
skin  is  found  attached  to  the  hook  when  the  line  is  hauled  in. 

The  glomeruli  olfactorii  are  arranged  along  the  dorsal  and  anterior  edge  of  the  olfactory 
lobe  ;  along  the  ventral  edge  they  do  not  extend  so  far  back.  As  in  Elasmobranchii 
and  Ceratodus,  they  are  composed  of  granular  matter,  with  very  fine  fibrils  resembling 
those  that  permeate  the  neuroglia  of  the  cerebral  hemispheres,  but  bound  up  specially 
into  a  very  compact  knot  of  an  oval  shape.  In  Myxine  they  are  entirely  composed  of 
the  knot  of  fibrilice,  but  in  Petromyzon  occasionally  a  small  cell  is  found  in  the  centre. 
Hamon  y  CJajal,  by  using  Golgi's  method,  has  recently  shown  that  the  fibrils 
composing  this  knot  are  derived  from  the  small  cells  which  are  found  on  the  outer  side 
of  the  glomeruli,  but  I  have  been  unable  to  procure  the  publication  in  which  he 
mentions  it. 

The  external  end  of  a  glomerulus  gives  origin  to  a  bundle  of  fibres,  which,  with 
those  from  the  other  glomeruli  collect  on  the  superior  and  anterior  surface  of  the  lobe, 
and  pass  out  through  a  foramen,  one  on  each  side  of  the  central  partition  of  the 
olfactory  sac,  and  running  along  the  dorsal  surface  of  the  same,  are  distributed  in 
small  bundles  which  descend  on  the  lamellse  toward  their  ventral  edge.  In  the  region 
where  the  glomeruli  occur  they  are  placed  in  close  apposition,  and  are  arranged,  as 
before  mentioned,  along  the  edge  of  the  lobe,  and  the  spaces  between  them  are 
occupied  by  small  rounded  cells. 

In  I'eleostei,  Elasmobranchii,  and  Ceratodus,  the  remaining  elements  of  the  olfactory 
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lobe  are  arranged  in  layers,  which  in  section  present  the  appearance  of  a  regular 
stratification ;  but  here  they  occur  in  an  irregular  manner,  and  no  definite  layers  are 
to  be  met  with ;  nevertheless  the  same  sort  of  elements  occur.  The  principal  com- 
ponents are  fusiform  cells,  which  exist  in  the  course  of  rather  thick  fibres  running  in 
a  longitudinal  direction  at  various  levels  of  the  lobe,  and  which  are  not  collected  into 
bundles  as  in  Ceratodus.'^ 

The  neuroglia,  which  is  permeated  by  a  network  of  very  fine  fibrils,  occupies  the 
whole  extent  of  the  lobe  ;  through  this  run  the  processes  of  the  above-mentioned 
fusiform  cells  ;  they  are  distinguihshable  from  the  fibrils  of  the  neuroglia  by  their  larger 
dimensions.  Cells  of  a  smaller  size,  which  show  a  tendency  to  accumulate  in  groups, 
are  also  scattered  through  the  parenchyma.  The  fibrils  of  the  neuroglia  incline  rather 
to  pass  in  a  longitudinal  direction,  they  are  coarser  than  those  which  occur  further 
back,  the  interstices  are  occupied  by  a  finer  network,  the  transverse  fibrils  of  which 
have  a  predominance. 

Cerebrum. 

The  transition  from  the  olfactory  lobes  to  the  cerebrum  is  quite  gradual,  there  are 
no  distinct  crura  passing  into  the  latter,  but  there  is  a  general  drift  of  fibrils  in  a 
longitudinal  direction.  There  is  nothing  in  the  structure  of  the  cerebrum  to 
distinguish  it  from  the  tuberosities  that  come  after  it  ;  and  this  structure  is  not  very 
complicated.  In  the  cerebrum  there  is  externally  a  layer  of  finely  granular  neuroglia 
with  a  network  of  fibrillse  permeating  it,  which,  as  a  rule,  is  finer  than  the  network 
in  the  interior.  This  layer  is  wider  on  the  dorsal  than  on  the  ventral  sijirface,  where 
it  extends  quite  into  the  olfactory  lobes. 

There  are  small  rounded  nuclei  scattered  sparingly  through  the  external  layer,  and 
occasionally,  also,  fragmentary  rows  of  small  cells,  having  an  epithelial  aspect,  occur. 
They  appear  to  have  wandered  in  from  the  outside,  for  they  occur,  not  on  the  surface, 
but  more  or  less  surrounded  by  neuroglia  ;  they  are  triangular  or  conical  in  shape, 
their  broad  end  is  turned  toward  the  outer  surface,  and  their  pointed  end  gives  ofi:'  a 
process  which  goes  toward  the  parenchyma  of  the  interior  just  in  the  same  way  as  the 
cells  of  the  epithelial  covering  of  the  brain,  first  described  by  SxiED^t  and  termed  by 
him  "  stiftzelle,"  only  instead  of  being  on  the  surface  they  are  situated  a  short 
distance  below  it.  They  appear  to  correspond  to  the  expanded  ends  of  the  processes 
of  the  neuroglia  cells,  which  are  brought  out  by  Golgi's  chromo-silver  method.^ 

Toward  the  inner  side  of  this  external  layer  the  fibrils  of  the  network  form  trans- 
verse concentrically  arranged  bundles  which  are  more  or  less  apparent  at  different 
parts ;  in  some  places  there  are  three  of  these  concentric  bundles,  separated  from  each 
other  by  short  rows  of  small  nuclei ;  the  external  part  of  the  network  is  irregular, 
and  forms  close  meshes. 

The  external  layer  (fig.  12)  of  neuroglia  is  sharply  distinguished  from  the  interior  part 
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of  the  section  by  the  presence  in  the  latter  of  numerous  cells  and  nuclei  which  are 
imbedded  in  a  neuroglia,  having  a  network  of  coarser  fibrillse  than  those  of  the  outer 
layer.  Most  of  the  cells  are  bipolar,  but  occasionally  tripolar  cells  occur.  In  some 
parts  the  cells  are  arrauged  in  groups  forming  a  sort  of  pattern  in  which  several  ceils 
are  placed  close  together,  but  separated  from  other  similar  groups  by  a  space  filled 
with  the  ordinary  neuroglia  characteristic  of  the  part  ;  this  somewhat  resembles  the 
arrangement  found  in  the  cerebrum  of  Raia,  though  it  is  not  so  prevalent,  for  here 
the  cells  and  nuclei  often  occur  singly. 

The  bipolar  cells  are  occasionally  arranged  in  such  a  way  that  their  long  axes  are 
directed  perpendicularly  to  the  outer  surface,  and  they  are  often  placed  so  as  to  make 
rows  of  cells  indistinctly  discernible,  with  their  processes  going  in  the  same  direction. 
The  cells  (fig.  14),  as  a  rule,  have  each  a  large  circular  nucleus,  in  which  granules  of 
chromatine  are  grouped  round  the  circumference,  leaving  a  clear  space  in  the  centre,  in 
the  middle  of  which  is  a  nucleolus  ;  the  cell-body  is  much  less  deeply  stained  than  the 
nucleus,  and  passes  off  at  each  end  into  a  process,  that  of  one  end  being  often  wider 
than  that  of  the  other. 

Other  cells  of  a  smaller  size  show  less  cell-body  ;  they  have  finer  processes,  and  the 
nucleus  occupies  nearly  the  whole  of  the  cell ;  sometimes  only  a  little  conical  piece  is 
visible  at  the  point  of  attachment  of  the  two  processes.  1  hese  smaller  cells  are 
generally  of  about  the  same  size  as  the  nuclei  of  the  larger  ones.  The  dimensions  of 
the  larger  cells  vary  from  0'02  inillim.  to  0"034  millini.  in  length,  while  the  nuclei 
range  from  O'Ol  millim.  to  0*017  millim.  in  diameter,  which  latter  measure,  as  a  rule, 
gives  the  diameter  of  the  cells. 

In  addition  to  these  cells,  free  nuclei  occur  in  considerable  numbers  throughout 
these  tuberosities.  The  smallest  of  these  nuclei  measure  0'007  millim.  in  diameter; 
these  become  more  deeply  stained  than  the  others.  From  this  size  every  gradation 
is  met  with  up  to  the  dimensions  of  the  nuclei  of  the  cells,  the  largest  found  being 
0"013  millim.  in  diameter;  occasionally  some  occur  with  one  diameter  slightly  longer 
than  the  other. 

The  two  pairs  of  tuberosities  which  follow  behind  the  cerebrum  present  a  repetition 
of  the  same  structure ;  the  same  sort  of  bipolar  cells  are  scattered  throughout  these 
divisions.  Like  the  cerebrum,  they  are  bounded  externally  by  a  coiresponding  layer 
of  smooth  neuroglia,  which  is  a  continuation  backward  of  that  found  in  the  first- 
mentioned  tuberosity ;  the  same  sort  of  network  of  fibrillse  is  visible,  the  meshes  of 
which  have  a  tendency  to  run  parallel  with  the  surface,  and  in  which  a  few  nuclei 
occur,  either  singly  or  in  groups  of  two  or  three.  This  layer  is  distinguished  histolo- 
gically, in  the  same  way  as  in  the  cerebrum,  from  the  interior  part  of  the  tuberositits. 

The  lobes  which  come  next  behind  the  cerebrum  correspond,  as  before  mentioned, 
to  the  lobes  which  in  the  Teleostean  brain  wei^e  termed  by  Gottsche*  the  tubercula 
intermedia,  and  by  FRiTScnt  were  compared  to  the  gangKa  habenulfe,  and  might, 
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perhaps,  liomologize  with  the  optic  thalami ;  if  size  alone  be  considered,  they  are 
much  more  developed  here  than  in  the  Teleostei. 

There  is  a  peculiar  ganglion  (fig.  3,  g.h.)  situated  at  the  bottom  of  the  shallow 
groove  which  separates  the  two  lobes  of  the  tubercula  intermedia  ;  it  is  buried  in  the 
parenchyma,  projecting  very  slightly  above  the  external  surface  on  the  dorsal  side, 
but  forming  at  its  anterior  end  a  small  rounded  eminence  at  the  bottom  of  the 
posterior  end  of  the  fissure  which  separates  the  two  lobes  of  the  cerebrum.    It  is 
pomted  below  and  broad  above,  like  a  wedge,  and  extends  from  the  posterior  end  of 
the  cerebrum  nearly  to  the  anterior  end  of  the  corpora  bigemina.    Its  pointed  lower 
edge  extends  a  little  more  than  one-third  of  the  distance  to  the  lower  edge  of  the 
lobe.    The  structure  of  this  ganglion  consists  of  small  spherical  nuclei,  arranged 
horizontally  and  transversely  in  layers,  alternating  with  bundles  of  parallel  trans- 
versely-directed fibrils.    Most  of  these  nuclei  are  smaller  than  those  which  are  found 
in  the  parenchyma  of  the  cerebrum  and  the  other  tuberosities  ;  their  size  ranges 
from  0-006  millims.  to  0-0085  mlllims.  in  diameter;  they  give  off  processes  which  join 
the  transversely-directed  fibrils.    This  arrangement  occurs  in  that  part  of  the  gan- 
glion  which  is  embedded  in  the  parenchyma  of  the  tubercula  intermedia ;  but  at  the 
anterior  end  of  the  ganglion,  where  it  projects  at  the  bottom  of  the  cerebral  fissure, 
the  fibrils  form  an  irreufular  network. 

The  transverse  bundles  of  fibrils  (fig.  13),  above  mentioned,  form  a  veritable  com- 
missure, the  lateral  terminations  of  which  are  lost  in  the  parenchyma  of  the  interior 
of  the  lubercula  intermedia;  the  position  of  these  bundles  seems  to  indicate  that  they 
homoL)gize  with  the  posterior  commissure  of  the  brain,  and  the  parenchyma  in  which 
thsy  are  I  'st  would  correspond  with  the  optic  thalami.    The  ganglion  itself  is  prob- 
ably the  ganglion  habenulae,  but  in  addition  it  is  just  possible  that  it  may  homologize 
with  the  tori  longitudinales  of  the  tectum  lobi  optici  of  Teleostei  ;  the  elements  of 
one  very  much  resemble  those  of  the  other,  and  both  have  a  transverse  commissure 
running  through  it,  and  if  one  imagined  the  ventricle  of  the  optic  lobe  filled  up  in 
Teleostei,  we  should  have  a  structure  resembling  this  ganglion.    But  the  fact  that 
the  tori  longitudinales  are  double,  whereas  the  ganglion  in  question  is  single,  but 
above  all,  its  position  so  far  in  advance  of  the  corpora  bigemina  militates  against  this 
view  of  its  homology.    Within  the  last  few  years  Dfi.  Auerbach*  has  made  a 
discovery  which  may  throw  some  light  on  this  question.      In  the  young  trout  he 
found  and  figured  a  column  of  cells  occupying  the  dorsal  edge  of  the  tectum  lobi 
optici ;  beginning  forward  over  the  third  ventricle  it  extends  to  above  the  oculomotor 
ganglion.    He  found  that  this  column  of  cells  did  not  develop  into  the  torus  longitu- 
dinalis,  the  origin  of  which  he  could  not  discover.    This  discovery  has  not  been 
confirmed  as  far  as  I  am  aware  of,  but  it  is  just  possible  that  it  indicates  the  origin 
of  the  ganglion  in  question. 

Two  bundles  of  fibres  (fig.  4,  m.h.)  pass  downward  and  backward  from  the  inferior 
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side  of  this  ganglion,  and  terminate  in  a  small  accumulation  of  smooth  neuroglia, 
with  nuclei  scattered  through  it ;  it  is  situated  in  the  mid-line  at  the  anterior  end  of 
of  the  medulla  oblongata,  or  what  AhlBorn*  terms  the  epichordal  division  of  the 
brain.  These  are  the  so-called  Meynert's  bundles,  which  are  well-developed  in 
amphibia  according  to  OsBORNEt;  Mayser|  considers  that  they  correspond  to  the  part 
termed  by  Fritsch§  vinculum  gelatinosum  centrale  plus  vinculum  gelatinosum 
intermedium  ;  the  collection  of  neuroglia  to  which  they  extend  would  be  the  ganglicn 
interpedunculare  (figs.  2,  4,  and  5,  g.i.),  or  cnnus  post  commissuralis  of  Feitscf. 
Ahlborn  appears  to  have  traced  these  bundles  farther  back,  even  into  the  medulla 
oblongata  in  Petromyzon,  and  in  Myxine  they  did  not  seem  to  stop  at  the  ganglion 
interpedunculare,  but  I  could  not  find  them  in  sections  cut  more  posteriorly. 

Spinal  Cord. 

The  spinal  cord  commences  posteriorly,  in  most  specimens  by  a  more  or  less  pointed 
extremity  behind  the  posterior  termination  of  the  chorda  dorsalis,  at  this  place  the 
spinal  cord  is  surrounded  by  a  sac  formed  by  the  continuation  of  the  membranes  of  the 
cord  ;  here  the  latter  is  compored  solely  of  the  central  canal  and  its  lining  of 
endothelium.  The  central  canal  debouches  into  this  terminal  chamber  by  a  small 
aperture,  and  receives  the  central  rod,  which  enters  here.  The  central  canal  thus 
begins  posteriorly  with  an  aperture,  and  not  by  a  cul  de  sac,  as  is  stated  by  Rai7BEr|| 
to  be  the  case  in  fishes ;  this  open  state  of  the  central  canal  is  perhaps  the  remains  of 
the  channel  which  is  found  in  the  embryos  of  Elasmobranchii,  Anijjhibia,  and, 
apparently  in  Ichthyopsida  generally. IT 

The  rod  found  in  the  central  canal  of  fishes,  which  was  first  discovered  by  Reissner,** 
has  received  various  interpretations,  some  authors  looking  upon  it  as  a  sort  of 
axis  cylinder,  others,  as  merely  the  coagulation  of  the  fluid  of  the  central  canal.  Here 
it  is  particularly  well  developed,  and  has,  in  places,  a  curiously  twisted  appearance, 
In  some  specimens  the  chamber  above-mentioned,  at  the  posterior  end  of  the  spinal 
cord,  is  occupied  by  a  mulberry-shaped  mass  of  glass-like  aspect,  from  which,  as  from 
a  knotted  end,  the  rod  in  question  emerges,  in  other  specimens  the  end  of  the  rod  is 
attached  to  the  surrounding  connective  tissue. 

The  central  canal  at  first  is  single,  but  proceeding  forward  it  shortly  divides  into  two 
canals,  an  upper  and  a  lower,  connected  with  each  other  by  a  vertical  passage,  giving 
to  the  canal  the  shape  of  a  dumb-bell ;  here  it  resembles  the  section  of  the  lower  end 
of  the  human  spinal  cord.tt  At  this  point  both  canals  are  surrounded  by  endothelium, 
and  the  rod  occupies  the  lower  of  the  two.  From  this  part  forward,  the  central  canal  is 
double,  and  the  lower  only  has  an  endothelium  of  cylindrical  cells,  the  upper  being 
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merely  a  space  excavated  in  the  parenchyma  of  the  spinal  cord,  and  bounded  only 
below  by  the  cells  of  the  endothelium  belonging  to  the  lower  canal,  the  cells  of  the 
upper  side  having  become  gradually  smaller,  and  eventually  become  non-existent, 
leaving  the  upper  canal,  as  it  proceeds  forward,  with  only  a  slight  lining  of  connective 
tissue. 

At  the  posterior  end  of  the  m3dulla  oblongata,  the  canal  which  is  unprovided  with 
endothelium  becomes  very  much  enlarged,  and  a  smaller  canal  appears  suddenly  above 
it,  which  projects  into  the  floor  of  the  fossa  rhomboidalis,  and  contains  the  central  rod 
(fig.  7).  The  larger  canal  on  reaching  the  base  of  the  fissure  on  the  dorsal  surface 
between  the  anterior  end  of  the  medulla  oblongata,  and  the  posterior  end  of  the 
corpora  bigemina,  passes  downward  and  forward  in  a  curved  direction,  and  immediately 
beneath  the  posterior  end  of  the  posterior  tuberosity  of  the  brain,  enlarges  into  a 
quadrangular  or  rounded  chamber  (fig.  2),  the  whole  looking  like  a  pipebowl  and  its 
stem.  Two  passages  emerge  from  the  upper  wall  of  this  chamber,  one  of  these  is 
directed  upward  and  the  other  fur  ward  ;  both  these  passages  are  lined  by  endothelium, 
while  the  chamber  from  which  they  emerge  is  devoid  of  it. 

These  passages  correspond  evidently  with  the  a^jueduct  of  Sylvius  and  the 
ventricle  of  the  corpora  bigemina  respectively  ;  the  horizontal  canal  ends  abruptly 
at  the  anterior  end  of  the  corpora  bigemina,  but  a  distinct  trace,  without  a  lumen,  is 
visible,  leading  forward  and  upward  to  the  dorsal  surface  at  the  anterior  end  of  the 
tubercula  intermedia.  This  probably  indicates  the  former  course  of  the  aqueduct  of 
Sylvius. 

The  central  rod  comes  forward  from  that  part  of  the  central  canal  which  is  situated 
in  the  spinal  cord,  and  passing  into  the  enlarged  canal  in  the  medulla  oblongata,  there 
divides  into  two  parts,  one  part  goes  straight  forward  in  the  small  upper  canal  before- 
mentioned  on  the  floor  of  the  sinus  rhomboidalis,  the  other  passes  through  the  enlarged 
canal  into  the  quadrangular  chamber,  and  there  forming  a  knot,  goes  upward,  and  is 
lost  in  the  aqueduct  of  Sylvius. 

There  is  no  communication  between  the  aqueduct  of  Sylvius  and  the  third  ventricle, 
which  is  almost  entirely  obliterated,  the  lower  hah"  corresponding  to  the  infundibulum, 
being  the  only  part  that  remains  pervious  ;  it  forms  a  chamber  immediately  above  the 
pituitary  body  or  hypophysis,  but  separated  from  it  by  a  membranous  partition.  The 
infundibulum  (figs.  2  and  3,  inf.)  forms  a  thin  walled  sac  attached  to  the  base  of  the 
brain,  and  from  its  summit  a  fissure  passes  upward  for  about  one  third  of  the  distance 
to  the  lower  point  of  the  ganglion  habenulse  in  the  centre  of  the  tubercula  intermedia  ; 
the  walls  of  the  chamber  are  not  nervous  but  endothelial,  and  there  are  no  nerves  to 
be  seen  supplying  the  hypophysis. 

As  has  been  before  mentioned,  the  spinal  cord  begins  behind  by  a  narrow  thread 
consisting  only  of  endothelial  cells  and  the  central  canal.  This  cannot  be  called  a 
filium  terminale,  since  it  is  not  attached  to  anything. 

The  shape  of  a  transverse  section  of  the  spinal  cord  in  the  central  part  of  the  body 
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is  that  of  a  roof-tile  or  of  an  open  book  placed  with  its  face  downward.  The  dorsal 
edge  is  convex,  and  the  ventral  edge  in  the  mid  hne  is  concave,  while  the  contour  on 
each  side  slightly  swells  out. 

The  grey  matter  consists  of  two  flat  lamellae  extending  on  each  side  the  central 
canal.  Cells  of  various  sizes  are  present  in  the  grey  matter  ;  some  of  the  larger  cells 
are  fusiform  in  shape,  others  are  multipolar ;  they  occur  along  the  ventral  side  and 
at  the  external  edge  of  the  grey  matter,  but  no  cells  exist  at  the  extreme  lateral  edge 
of  the  cord,  separated  from  the  grey  matter  by  a  space,  as  is  the  case  in  Petroniyzon, 
according  to  Eeissner  Cells  of  a  smaller  size  occur  on  the  dorsal  edge  and  inner 
side  of  the  grey  matter.  In  passing  forward  into  the  medulla  oblongata,  the  grey 
matter  gradually  changes  in  shape  from  the  narrow  lamellar  formation  mei  tioned 
above  into  a  shape  resembling  the  wing  of  a  butterfly  (fig.  9),  at  the  same  time  small 
nuclei,  resembling  those  found  farther  forward,  are  substituted  for  the  large  multipolar 
or  or  bipolar  cells.  The  former  gradually  disperse  over  the  whole  field  until  the 
arrangement  found  in  the  anterior  part  of  the  brain  is  attained. 

The  Mullerian  fibres  of  Myxine  resemble  those  of  Petromyzon  in  appearance,  but 
are  much  smaller,  the  largest  being  only  O'Olo  millims.  in  diameter,  while  those  of 
the  latter  range  up  to  0  05  millims.  in  their  longest  diam_eter,  being  generally  oval  in 
contour  ;  those  of  Myxine  are  usually  circular.  In  Petromyzon  there  is  an  abrupt 
difference  in  size  between  the  large  fibres  composing  the  ventral  bundles,  and  those 
smaller  ones  which  occupy  the  remainder  of  the  section  ;  but  in  Myxine  there  is  a 
regular  gradation  between  the  largest  and  the  smallest. 

A  group  (fig.  9  v.l.c.)  of  the  largest-sized  fibres  is  found  on  each  side  of  the  mid- 
line beneath  the  ventral  edge  of  the  grey  matter,  they  correspond  in  position  to  the 
inner  group  of  Mtillerian  fibres  in  Petroniyzon.  (These  were,  as  is  well  known, 
discovered  by  Johannes  MIiller  and  so  named  by  OwsjANNiKOW.t)  They  cor- 
respond also  to  the  ventral  columns  in  Teleostei  and  Elasmohranchii,  in  addition  to 
these  well-defined  bundles,  fibres  also  of  large  size  are  found  scattered  along  the 
ventral  edge,  the  external  end,  and  partly  along  the  dorsal  edge  of  the  cord  ;  the  only 
part  where  they  are  not  fuund  is  on  the  dorsal  side  for  some  distance  on  each  side  of 
the  mid-line,  which  space  is  occupied  by  fibres  of  the  finest  calibre,  but  fibres  of  this 
size  are  found  in  all  parts  of  the  cord  filling  the  spaces  between  those  of  the  larger 
size ;  as  in  Petromyzon,  none  of  these  fibres  are  provided  with  a  medullary  sheath. 

I  have  not  succeeded  with  certainty  in  finding  any  transverse  commissures  in  the 
spinal  coi'd.  In  the  mid-line  ventrad  of  the  central  canal  there  is  a  decussation  of 
fibres,  which  at  first  I  took  for  nerve  fibres,  but  further  inspection  showed  that  they 
b(!long  to  the  raphe,  and  are  neuroglia  fibrils,  which  come  out  of  the  grey  matter  of 
one  side,  and  are  attached  to  the  sheath  of  the  spinal  cord  on  the  other.  Neverthe- 
less, NanseNjI  by  means  of  Golgi's  chromo-silver  method,  demonstrated  that  there 
are  true  commissural  fibres  among  these. 
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In  a  transverse  section  of  the  spinal  cord  three  longitudinal  columns  can  be  recog- 
nized in  the  white  matter ;  these  may  be  termed  the  ventral,  lateral,  and  dorsal 
columns.  The  corresponding  columns  in  Petromyzon  were  termed  by  Ahlborn" 
funiculus  ventralis,  lateralis,  and  dorsalis.  The  ventral  column  contains  a  few  fibres 
of  the  largest  size,  together  with  many  that  are  much  smaller  ;  although  these  fibres 
are  larger  than  any  others  occurring  in  the  spinal  cord  of  Myxine,  they  by  no  means 
equal  the  Mlillerian  fibres  in  the  corresponding  columns  of  Petromyzon  in  size,  as  was 
before  mentioned,  nor  do  they  appear  so  con&picuous  in  section.  The  neuroglian 
framework  in  which  these  fibres  are  imbedded  probably  answers  the  same  purpose  as 
the  medullary  sheath.  I  have  not  seen  these  Mlillerian  fibres  break  up  into  fibrils, 
as  is  stated  to  be  the  case  by  Owsjannikow,  who  says  that  he  has  found  that  they 
divide  in  Petromyzon  into  fine  branches,  two  of  which  were  connected  with  small 
cells.  This  observation  has  not  been  confirmed,  and  is,  in  fact,  contrary  to  the  result 
of  Ahlborn's  work. 

The  ventral  columns  are  traceable  as  far  forward  as  the  fissure  on  the  dorsal  side  of 
the  brain,  which  separates  the  anterior  end  of  the  medulla  oblongata  from  the  posterior 
end  of  the  corpora  bigemina  ;  here  the  external  fibres  of  this  column  decussate  with 
those  of  the  other  side,  in  company  with  a  large  decussation  of  fibres  to  be  mentioned 
farther  on  ;  the  remaiinng  fibres  of  the  ventral  column  pass  forward  on  the  same  side 
on  which  they  were  originally  situated,  and  are  lost  in  the  parenchyma  beneath  the 
aqueduct  of  Sylvius. 

The  lateral  columns  consist  of  fibres  which,  though  smaller  than  those  of  the 
ventral  columns,  are  larger  than  those  which  occupy  the  spaces  between  the  Mlillerian 
fibres,  both  here  and  in  the  ventral  columns.  They  do  not  decussate  as  some  of  the 
fibres  of  the  ventral  column  do,  but  can  be  traced  forward  as  far  as  the  central  gan- 
glion, where,  as  a  recognizable  column,  they  become  lost  and  are  dispersed,  but 
isolated  fibres  can  be  traced  farther  forward.  This  arrangement  seems  to  correspond 
to  that  found  in  Petromyzon,  as  described  by  Ahlboen,* 

The  dorsal  columns  consist  entirely  of  fibres  of  the  smallest  calibre. 

Medulla  Oblongata. 

The  medulla  oblongata  is  the  largest  and  most  conspicuous  segm.ent  of  the  brain  ; 
in  it  are  to  be  found  two  pairs  of  remarkable  ganglia,  which  contain  cells  of  the  largest 
size  found  in  the  nervous  system  of  Myxine.  A  pair  of  these  ganglia  (figs.  2  and  7, 
e  g.)  are  situated  one  on  each  side  the  mid-line ;  they  may  be  termed  the  central 
ganglia.  They  contain  cells  of  very  large  size,  and  also  others  which  are  smaller. 
The  shape  of  these  cells  varies ;  some  are  triangular  and  broad,  others  are  elongated 
and  narrow.  The  larger  ones  vary  in  length  from  0'05  millim.  to  0'07  millim.,  and 
from  0"033  millim.  to  0"05  millim.  in  width.     The  smaller  cells  belonging  to  this 
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ganglion  vary  from  0"03  mllUm.  to  0"05  millim.  in  length,  and  from  0*02  millim.  to 
0*022  millim.  in  width.  The  size  of  the  nujlei  of  the  latter  cells  did  not  invariably 
diminish  in  like  proportion. 

The  other  pair  of  ganglia  (figs.  6,  7,  and  8,  l.v.g.)  are  situated  near  the  outer  edge 
of  the  medulla  oblongata,  toward  the  ventral  side,  and  may  be  termed  the  latero- 
ventral  ganglion ;  they  probably  correspond  to  the  nucleus  of  the  olivary  bodies  in 
position,  though  the  origin  of  the  facial  and  vagus  from  it  seems  to  preclude  this  idea. 
It  is  to  be  presumed  that  Dr.  A.  Rktzius"^  was  not  referring  to  this  ganglion  when  he 
claimed  to  have  found  the  olivary  bodies  in  the  medulla  oblongata  of  this  animal,  as 
he  does  not  mention  the  occurrence  of  cells.  In  the  frog,  however,  KopPENt  mentions 
a  ganglion  occupying  a  position  corresponding  to  this  nucleus — the  oliva  inferior,  as  it 
is  termed  by  Edinger.J 

The  cells  of  these  ganglia  correspond  in  size  to  the  smaller  cells  of  the  central 
ganglia ;  they  vary  in  length  from  0'037  millim.  to  0*053  millim.,  and  from  0*017  miJlim. 
to  0*034  millim.  in  width.  The  tripolar  and  multipolar  cells  predominate,  but  many 
are  bipolar. 

These  latere- ventral  ganglia  (fig.  8,  l.v.g.)  extend  along  the  lateral  margin  of  the 
medulla  oblongata  on  each  side,  from  the  entrance  of  the  trigeminus  in  front  to  that 
of  the  vagus  behind,  in  one  continuous  column  of  cells  of  various  thickness.  Ante- 
riorly, each  one  makes  a  bend  upward,  and  forms  a  collection  of  cells  which  are  larger 
than  those  of  the  remainder  of  the  ganglion  ;  then,  as  a  thinner  line  of  smaller  cells, 
extends  backward,  a.nd  terminates  behind  in  a  wide  and  elongated  group  of  small 
cells,  projecting  slightly  toward  the  dorsal  surface. 

Anterior  to  these  ganglia,  beneath  the  aqueduct  of  Sylvius,  but  still  in  the  part 
which,  according  to  Ahlborn,  belongs  to  the  medulla  oblongata,  there  is  another  pair 
of  ganglia,  situated  at  a  point  corresponding  to  the  position  occupied  in  other  verte- 
brates by  the  oculo-motor  ganglia,  and  also  to  the  position  in  which  three  gigantic 
cells  are  to  be  found  in  Pctvomyzon.  These  groups  of  cells  may  be  termed  the 
anterior  ganglia.  The  cells  here  are  of  unusual  size  for  Myxine,  but  do  not  equal  the 
largest  that  are  to  be  found  in  the  central  ganglia ;  their  length  ranges  from 
0*04  millim.  to  0*06  millim.,  and  their  breadth  from  0*028  millim.  to  0*053  millim. 
These  cells  are  of  the  same  description  as  those  occurring  in  the  central  and  latero- 
ventral  ganglia.  The  three  gigantic  cells  in  Petromyzon,  which  are  situated  beneath 
the  aqueduct  of  Sylvius,  and  measure  as  much  as  0*1  millim.  in  length  and  nearly  as 
much  in  width,  are  represented  in  Myxine  by  the  above-mentioned  anterior  ganglion, 
composed  of  smaller  but  more  numerous  cells. 

The  central  ganglia  correspond  to  the  ganglia  on  the  floor  of  the  fourth  ventricle 
in  Petromyzon  ;  but  the  latero-ventral  ganglia  do  not  seem  to  have  any  homology  in 
that  animal. 
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In  Myxine  there  is  a  large  decussation  of  fibres  connected  with  tlie  central  ganglia, 
which  resembles  a  fountain  in  shape ;  this  decussation  connects  the  ventral  cells  of 
the  central  ganglion  of  one  side,  with  the  dorso-lateral  region  beneath  the  upper 
exit  of  the  acusticus  root  on  the  other.  Its  greatest  development  is  coincident  with 
that  of  ttie  central  ganglia  ;  it  is  visible  aS'  far  as  the  posterior  end  of  the  medulla 
oblongata  as  a  feeble  development,  and  it  is  continuous  with  the  raphe  in  the  spinal 
cord,  which  contains  decussating  fibres  also,  but  these  are  nothing  more  than  neuroglia 
fibrils.  Anteriorly  this  decussation  extends  in  a  diminished  size  beneath  the  posterior 
end  of  the  corpora  bigemina,  where  the  cerebellum  would  be  if  it  existed,  and  then 
gradually  disappears.  Many  of  the  cells  of  the  central  ganglia  send  processes  to 
accompany  the  fibres  of  this  decussation,  so  that  they  evidently  belong  to  it.  In  the 
case  of  the  multipolar  cells,  only  one  of  the  processes  joins  the  fibres  ;  but  in  the 
case  of  the  bipolar  cells,  both  processes,  one  from  each  end  of  the  cell,  join  ;  one  process 
going  toward  the  dorsal,  the  other  toward  the  ventral,  side  of  the  section. 

As  before  mentioned,  the  external  fibres  of  the  ventral  longitudinal  column  from  the 
spinal  cord  decussate  here,  and  join  the  fibres  of  this  decussation,  being  lost  with  them 
in  the  dorso-lateral  portions  of  the  section.  They  are  distinguished  from  the  proper 
fibres  of  the  decussation  by  their  larger  size.  I  could  not  make  out  which  nerve-root 
they  joined,  if  any,  or  if  they  behaved  as  the  corresponding  fibres  in  Petromyzon, 
which,  according  to  the  schematic  figure  of  Ahlborn*  join  the  facial  acusticus  roots. 

Cranial  Nerves. 

First  Nerve  (fig.  2). — The  fibres  of  the  olfactory  nerve  pass  out  from  the  whole 
depth  of  the  front  edge  of  the  olfactory  lobe,  forming  one  large  trunk  and  four  smaller 
ones  ;  the  former  arises  from  the  dorsal  edge  of  each  lobe,  and  the  latter  come  from 
the  external  margin,  they  pass  upward,  and  joining  the  large  trunk,  unite  into  a  nerve 
on  each  side,  which,  passing  forward  along  the  dorsal  wall  of  the  olfactory  sac,  give  off 
bundles  of  fibrils  at  intervals,  which  pass  down  into  the  lamellae  attached  to  the 
dorsal  wall. 

Second  Nerve. — This  animal  is  totally  blind,  but  there  are  indications  of  a  pair  of 
degenerate  eyes  (fig,  15)  deeply  buried  beneath  the  lateral  muscular  mass,  and  placed 
close  to  the  external  wall  of  the  olfactory  sac.  Each  consists  of  a  small  chamber 
surrounded  by  a  circular  thickened  parietes  ;  on  the  external  side,  where  this  is 
thinner,  it  is  united  together  by  a  suture.  In  parts  of  the  thickness  of  the  walls 
there  is  a  striated  appearance  which  looks  as  if  it  were  the  remains  of  the  retina. 
This  body  is  enclosed  in  a  thin  membranous  shut  sac  ;  the  whole  surrounded  by 
a  thick  membrane  which  is  continuous  with  the  sheath  of  the  upper  branch  of  the 
trifacial  nerve. 

There  is  not  much  here  to  recall  the  structure  of  the  eye,  but  its  position  and  the 
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constancy  of  its  occurrence  seem  to  indicate  that  tliat  is  the  proper  interpretation  of 
this  body.  Moreover  J.  Muller*  described  a  body  on  the  corresponding  position  in 
this  species,  which  he  explained  as  a  degenerate  eye.  He  also  gaye  a  figure  of  a  body 
found  in  a  corresponding  position  in  Bdellostoma,  which  was  better  developed  and  more 
superficially  placed,  in  which  he  also  found  indications  of  a  fine  nerve.  In  the  body 
which  I  have  just  described  no  indications  of  a  nerve  were  present. 

The  eyes  being  thus  imperfect,  it  is  not  surprising  that  the  optic  nerve  is  equally 
so  ;  a  trace  of  its  existence,  however,  is  still  to  be  found  ;  on  the  inferior  surface  of  the 
brain  there  is  visible  on  each  side  a  minute  thread  of  connective  tissue  (fig.  2),  in 
which  a  few  nerve  fibres  are  found  ;  which  extends  from  a  point  immediately  in  front 
of  the  thalamencephalon  to  the  internal  surface  of  the  skull,  where  it  becomes  merged 
in  the  connective  tissue  lining  the  same  ;  at  the  point  where  these  threads  join  the 
brain  there  is  a  sort  of  confused  vortex  of  fibres  which  looks  as  if  it  might  possibly 
be  the  remains  of  a  chiasma.  As  these  threads  occupy  a  position  corresponding  to 
the  place  where  the  optic  nerves  would  be  found,  if  in  existence,  it  seems  very  probable 
that  they  are  the  degenerated  remains  of  that  nerve.  In  Bdellostoma,  according  to 
J.  MuLLERjt  they  are  comparatively  well  developed. 

The  same  circumstances  which  conditioned  the  loss  of  the  optic  nerves,  applied  also 
to  the  nerves  supplying  the  ocular  muscles,  which  have  left  no  trace  behind. 

It  is  superfluous  to  go  minutely  into  the  distribution  of  the  cranial  nerves,  as  they 
are  shown  in  a  masterly  manner  by  J.  Muller,|.  I  shall  therefore  merely  give  a  slight 
outline  of  their  course  without  going  into  detail. 

Fifth  Nerve. — The  Trifacial  arises  by  one  root  only  (fig.  6),  from  the  anterior  end  of 
the  lateral  tuberosities  of  the  medulla  oblongata,  which  homologize  with  the  restiform 
bodies.  The  fibres  of  this  root  pass  backward  in  the  medulla  oblongata,  outside  and 
above  the  latere -ventral  ganglion  ;  these  fibres  cannot  be  traced  into  tlie  lateral 
column  of  the  spinal  cord,  but  disappear  from  view  in  close  proximity  to  them.  This 
root  corresponds  to  the  ascending  root  in  higher  vertebrata.    I  could  find  no  other. 

The  trifacial  passes  out  of  the  skull  through  a  distinct  foramen,  and  immediately 
joins  a  large  collection  of  cells,  which  corresponds  to  the  Gasserian  ganglion.  This 
ganglion  is  elongated  from  behind  forward,  and  its  cells  extend  for  some  distance  into 
the  trunks  which  emerge  from  it.  Two  large  nerve  branches  pass  forward  from  this 
ganglion  ;  an  upper  division  which  emerges  from  the  anterior  and  lower  edge  of  the 
ganglion,  and  passes  along  the  dorsal  side  of  the  trabeculum,  and  a  lower  division 
which  emerges  from  the  lower  edge  immediately  behind  the  last,  and  follows  a  course 
downward  and  forward  beneath  the  above-mentioned  rod. 

The  distribution  shortly  is  as  follows  :  the  upper  or  dorsal  branch,  after  emerging 
from  the  Gasserian  ganglion  and  piercing  the  membrane  or  aponeurosis  which  connects 
the  upper  edge  of  the  trabeculum  with  the  side  of  the  skull,  divides  into  two  branches, 
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an  upper  and  a  lower  ;  tliese  ultimately  supply  the  skin  of  tbe  upper  lip.  Immediately 
after  emerging  from  the  anterior  end  of  the  ganglion,  while  still  some  cells  are  seen 
in  the  interior  of  the  nerve-trunk,  this  division  gives  off  a  branch  which  passes  nearly 
in  a  direction  outward  to  supply  the  skin  on  the  outer  side  of  the  head,  also  a  branch 
going  directly  upward  to  the  skin  on  the  dorsal  side.  The  lower  division  of  the 
trifacial  is  traceable  along  the  side  of  the  oesophagus  and  ends  in  a  peculiar  glandular 
structure  attached  to  that  tube. 

Seventh  Nerve  (fig.  '6). — The  facial  arises  by  one  root  from  the  side  of  the  medulla 
oblongata,  behind  and  below  the  origin  of  the  trifacial.  Its  fibres  are  derived  from 
the  anterior  end  of  the  latero-ventral  ganglion  by  several  bundles,  the  more  anterior 
pass  through  the  anterior  clump  of  larger  cells — these  I  could  not  find  the  end  of; 
but  the  posterior  fasciculi  pass  obliquely  backward  and  inward  into  that  part  of  the 
latero-ventral  ganglion  containing  smaller  cells  lying  behind  the  above-mentioned 
clump  of  larger  cells.  The  processes  of  some  of  these  cells,  which  are  mostly  bipolar, 
are  traceable  into  these  bundles  of  fibres  of  the  facial  root.  The  nerve  passes  forward 
beneath  the  Gasserian  ganglion  without  communicating,  and  eventually  supplies  the 
skin  at  the  inferior  side  of  the  lip  and  also  the  inferior  feeler. 

In  Petromyzon  Ransom  and  Thompson"'  describe  a  ganglion  at  the  root  of  the  facial ; 
in  Myxine  I  have  not  been  able  to  discover  one,  but  the  whole  arrangement  m  Myxine 
is  so  abnormal,  if  one  may  use  the  expression,  that  this  is  not  surprising.  Both  these 
authors  and  Ahlborn  describe  a  branch  from  the  facial  in  Petromyzon,  which  goes 
round  the  outer  side  of  the  ear  capsule  to  join  the  vagus  ;  this  is  not  the  case  in 
Myxine,  but  a  corresponding  connection  between  the  facial  and  the  vagus  is  found  in 
Ceratodus  ;^  this  interesting  fact  might  throw  some  light  on  the  affinities  Petro- 
myzon and  seems  to  support  the  theory  put  forward  by  Dr.  BeaKdJ  that  the 
Cyclostomata  and  the  Ganoids  are  more  closely  related  than  hitherto  supposed. 

Dr.  GTjNTHEE,§  calls  the  Dipnoi  a  sub-order  of  the  order  Ganoidei,  of  which 
Polypterus,  Lepidosteus,  &c.,  are  also  sub-orders. 

Eighth  Nerve. — The  acusticus  (figs.  7  and  8)  arises  by  two  or  more  roots ; 
immediately  on  passing  out  of  the  cord  these  roots  join  a  ganglion  which  is  placed 
vertically  in  juxtaposition  to  the  lateral  edge  of  the  medulla;  of  the  two  roots,  the 
dorsal  one  arises  in  the  dorsal  region  of  the  medulla  oblongata,  the  fibres  pass  in  a 
curved  direction,  first  upward  then  outwards,  and  join  the  dorsal  end  of  the  ganglion  ; 
the  fibres  of  the  central  decussation  are  not  continuous  with  them,  but  a  continuation 
of  the  curved  course  of  the  former  would  tend  rather  to  cross  them  at  nearly  right 
angles.  This  part  corresponds  to  the  origin  of  the  acusticus  in  Petromyzon,  in  which 
animal,  according  to  Rohon,||  it  derives  its  whole  root  exclusively  from  the  dorso- 
lateral part  of  the  medulla.  RonoN  is  agreed  with  Owsjannikow  as  to  the  origin 
of  this  nerve,  but  according  to  the  former,  the  processes  of  the  large  cells  on  the 
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floor  of  the  fourth  ventricle  join  acusticus,  whereas  the  latter*  maintains  that  they 
join  the  facial. 

The  ventral  root,  which  does  not  appear  to  be  represented  in  Petromyzon,  is 
composed  of  two  or  more  bundles,  which  join  the  external  ganglion  at  its  ventral 
edge.  Its  fibres  pass  through  the  central  part  of  the  latero-ventral  ganglion  ;  some  of 
the  fibres  certainly  are  derived  therefrom,  but  many  can  be  traced  through  and 
beyond  them.  In  some  specimens,  in  addition  to  these  two  roots,  others  emerge 
from  the  side  of  the  medulla  oblongata  to  join  the  lateral  margin  of  the  ganglion. 
The  whole  ganglion  is  situated  immediately  behind  the  entrance  of  the  facial  nerve. 
The  trunk  of  the  acusticus  emerges  from  the  posterior  end  of  the  ganglion,  and  passes 
backward  and  downward  as  a  large  nerve  ;  arrived  at  the  posterior  end  of  the  auditory 
apparatus,  it  enters  between  the  ear  capsule  and  the  membranous  labyrinth  (fig.  8). 

Tenth  Nerve. — It  seems  very  difficult  to  determine  the  number  of  roots  belonging 
to  the  vagus  in  Petromyzon.  All  the  writers  on  this  subject  differ :  E-ATHKEt  gives 
'three  roots ;  Schlemm  and  D'Alton|  mention  only  two,  the  united  trunk  of  which 
they  say  is  joined  by  the  facial ;  Ahlborn§  alleges  eight,  Ransom  and  Thompson|| 
four,  ShoreH  and  Schneider**  also  four.  Whatever  may  be  the  case  in  Petromyzon,  I 
have  not  been  able  to  find  more  than  one  root  to  the  vagus  in  Myxine  (fig.  8) ;  this  is 
divided  into  three  bundles,  which  come  out  from  the  medulla  oblongata  vertically 
from  above  downward  ;  they  emerge  from  the  extreme  posterior  end  of  the  latero- 
ventral  ganglion  ;  they  unite  into  one  nerve-trimk,  which  passes  over  the  ear  capsule 
and  pursues  its  course  backward  between  the  dorsal  and  ventral  muscular  masses, 
and  is  therefore  the  lateral  nerve. 

From  the  dorsal  side  of  the  extreme  posterior  end  of  the  same  latero-ventral  ganglion 
there  arises  a  very  small  root  (fig.  8),  which  immediately  passes  upward  and  backward, 
and  joins  a  ganglion  which  resembles  a  spinal  ganglion  in  appearance.  This  ganglion  is 
situated  in  the  vertebral  canal,  close  to  the  point  where  the  medulla  oblongata  con- 
tracts in  diameter  to  pass  gradually  into  the  spinal  cord.  This,  perhaps,  may  be 
looked  upon  as  a  dorsal  root  belonging  to  the  vagus. 

A  short  distance  farther  back,  another  nerve  (fig.  9)  is  found,  arising  by  a  dorsal 
and  ventral  root  from  the  transition  part  of  the  medulla  oblongata,  at  the  place  whei-e 
the  grey  matter  begins  to  change  from  the  lamella-like  form  in  the  spinal  cord  into 
the  more  expanded  form  at  the  posterior  end  of  the  medulla  oblongata.  The  dorsal 
root  which  emerges  from  the  dorsal  side  of  the  medulla  oblongata  by  a  conical  inser- 
tion like  the  dorsal  roots  of  the  spinal  nerves,  is  traceable  into  the  dorsal  horn  of  grey 
matter,  and  the  ventral  is  traceable  into  the  ventral  horn  ;  they  each  pass  out  through 
a  separate  foramen,  and  join  the  posterior  part  of  the  same  ganglion  to  which  the 
above-mentioned  dorsal  root  of  the  vagus  is  attached.    It  is  just  possible  that  this 
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may  correspond  to  the  root  in  Petromyzon,  which  Schlemm  and  D' Alton*  considered 
to  be  the  hypoglossal ;  but  I  think  it  more  probable  that  in  this  case  it  is  part  of  the 
vagus,  but  the  question  is  rather  obscure,  the  nerve  being  so  minute,  and  its  further 
course  not  being  visible. 

The  nerves  which  are  absent  from  the  Myxine  are  the  oculomotorius,  trochlearis, 
abducens,  glossopharyngeal,  and  if  the  above  considerations  are  correct,  the  hypo- 
glossal. 

Fresh  material  is  necessary  to  elucidate  the  question  as  to  the  vagus. 

Spinal  Nerves. 

The  spinal  nerves  are  arranged  alternately  on  the  two  sides,  thus  ;  proceeding  from 
behind  forward,  we  come  first  to  a  dorsal  root,  then  to  a  spinal  ganglion,  then  to 
a  ventral  root ;  after  that  the  same  arrangement  begins  on  the  other  side,  and  so 
on,  first  on  one  side  and  then  on  the  other  ;  occasionally,  but  very  seldom,  it  occurs 
that  the  dorsal  roots  are  placed  opposite  each  other,  and  in  one  case  a  dorsal  root  was 
missing,  so  that  two  roots  occurred  consecutively  on  the  same  side,  without  one  on 
the  other  side.  This  arrangement  corresponds  to  that  of  the  spinal  nerve  roots  in 
Ammocsetes  according  to  FRE[JD,t  at  least  as  far  as  the  alternating  dorsal  and  ventral 
roots  are  concerned.  This  author,  as  well  as  others,  uses  the  terms  and  anterior  and 
posterior  as  applied  to  the  roots  of  the  spinal  nerves,  terms  which  are  only  applicable 
to  human  anatomy,  and  are  inappropriate  when  applied  to  animals  which  never 
progress  in  an  erect  position.  In  Amphioxus  also,  according  to  Balpox7R,|  the  spinal 
nerves  come  off  alternately  on  each  side,  although  they  only  have  dorsal  roots,  the 
principle  is  the  same  in  all,  indicating  their  embryonic  position. 

The  dorsal  root  (fig.  11)  arises  by  one  compact  bundle,  like  the  arrangement 
described  by  Feeud  in  Petromyzon.  It  is  inserted  into  the  dorsal  edge  of  the  spinal 
cord  like  a  peg  by  a  conical  progress ;  from  this  the  fibres  spread  out  in  a  fan-like 
manner  and  reach  the  dorsal  edge  of  the  grey  matter  by  an  oblique  course  not  far 
from  the  midline,  but  to  the  outer  side  of  a  little  eminence  of  the  grey  matter  con- 
taining small  cells.  The  position  of  the  entrance  of  the  dorsal  root  into  the  cord 
is  about  half  of  the  distance  between  the  external  edge  and  the  central  canal. 
According  to  Freud§  the  dorsal  root  in  Petromyzon  arises  from  a  large  cell,  by  his 
figure  one  woidd  say  gigantic  ;  but  in  Myxine  there  are  no  large  cells  anywhere  near 
the  origin  of  this  root,  and  it  most  probably  arises  from  small  cells.  Between  the 
spinal  cord  and  the  wall  of  the  vertebral  canal,  the  dorsal  root  is  folded  once  or  twice, 
then  it  passes  through  a  separate  foramen  and  immediately  joins  the  spinal  ganglion 
near  its  dorsal  end.  This  ganglion  inclines  from  the  dorsal  side  ventrad  and  forward ; 
its  upper  end  is  usually  club-shaped  in  section,  and  its  lower  end  is  generally  pointed, 
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and  terminates  in  a  nerve  trunk,  which  after  a  short  course  is  joined  at  an  acute 
angle  by  the  ventral  root. 

The  ventral  root  (fig.  10)  in  Myxine  arises  from  the  cord  by  three  or  four  con- 
secutive bundles,  which  join  into  one  while  passing  out  of  the  vertebral  canal  through 
a  foramen  distinct  from  that  through  which  the  dorsal  root  emerges,  or  just  outside 
it.  They  also  have  a  somewhat  contorted  course  in  the  vertebral  canal  before 
emerging  from  the  ventral  external  angle  of  the  canal. 

The  spinal  ganglia  are  composed  of  bipolar  cells  of  various  sizes. 

Two  nerves  are  given  olf  from  the  spinal  ganglion.  The  dorsal  ramus  proceeds 
from  the  summit  of  the  ganglion  in  nearly  a  straight  line  toward  the  dorsal  surface  of 
the  body,  and  passing  through  the  fold  of  connective  tissue,  which,  like  a  mesentery 
connects  the  skin  to  the  muscles  of  the  back,  supplies  the  integument  of  the  dorsal 
side  of  the  body.  It  is  to  be  noticed  that  this  branch  is  given  ofip  without  the 
participation  of  the  ventral  root,  fibres  from  the  dorsal  root  alone  being  present  in  it. 
An  arrangement  corresponding  to  this  is  described  by  Goette*  as  occurring  in  Petro- 
myzon,  in  which  also  the  dorsal  ramus  is  given  off  from  the  dorsal  edge  of  the  ganglion 
without  being  joined  by  the  ventral  root. 

The  ventral  ramus,  however,  which  proceeds  from  the  ventral  or  lower  pointed  end 
of  the  ganglion,  is  the  combined  result  of  the  ventral  root  and  fibres  from  the  gang- 
lion, and  passes  outside  the  peritoneal  cavity  to  supply  the  ventral  side  of  the  body, 
and  also  the  lateral  muscles. 

The  ganglion  belonging  to  the  last  of  the  spinal  roots  gives  off  a  branch  which 
goes  back,  outside  the  vertebral  canal  above  the  level  of  the  spinal  cord.  On  this 
two  successive  ganglia  are  developed  on  each  side,  which  have  no  corresponding  spinal 
roots.  After  the  second  ganglion  this  branch  breaks  up  into  a  terminal  pencil  of 
nerve-fibres,  whicli  supply  the  extreme  end  of  the  tail ;  but  sometimes  this  terminal 
brush  is  given  off  in  front  of  the  two  ganglia,  instead  of  behind  them,  in  which  case 
they  are  developed,  not  on  the  main  trunk,  but  on  one  of  the  terminal  threads. 

Conclusion. 

The  question  of  degeneracy  appears  to  divide  biologists  into  two  camps,  some,  as 
DoHRN  or  Lankester,  would  find  degeneracy  where  Milnes  Marshall  finds  none. 

Myxine  is  a  particular  case  of  a  general  idea,  and  the  brain  of  Myxine  a  still  more 
particular  idea ;  and  now  the  question  arises  :  Is  the  brain  of  Myxine  degenerate  or 
not  ?  With  regard  to  one  part  the  answer  would  be  in  the  negative  ;  with  regard  to 
another  part  it  would  be  in  the  affirmative.  The  olfactory  lobes  are  as  well,  if  not 
better,  developed  than  in  the  Teleostei ;  the  glomeruli  are  more  distinct  than  in  these, 
but  not  more  so  than  in  Elasmobranchii  ;  on  the  other  hand,  the  cerebrum  and  the 
corpora  bigemina  are  small,  and,  compared  to  the  corresponding  bodies  in  Teleostei, 
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their  structure  is  simple.  The  tubercula  intermedia  are  large  in  comparison  with 
those  of  the  Teleostei  and  JElasmohranehii,  which  is  a  point  in  favour  of  Myxine ;  but 
then  the  cerebellum  is  entirely  absent.  Thus,  on  the  whole,  the  brain  of  Myxine 
may  be  considered  as  decidedly  of  a  low  type,  that  is  to  say,  degenerate. 

Professor  Milnes  Marshall  remarks  that  we  might  as  well  call  human  beings 
degenerate  because  some  part  of  their  anatomy  is  so  in  comparison  to  other  animals ; 
but  whether,  when  so  important  an  organ  as  the  brain  is  degenerate,  we  can  argue  as 
to  the  degeneracy  of  the  whole  body,  is  perhaps  another  matter.  At  any  rate  the 
conclusion  to  which  I  come,  is  that,  judging  from  the  nervous  system,  Myxine  is  an 
offshoot  and  is  not  in  the  main  phylon  of  the  vetebrata. 

Myxine  appears  to  present  the  only  instance  in  the  vertebrate  kingdom  of  the 
entire  absence  of  an  important  section  of  the  brain,  viz.,  the  cerebellum.  This 
deficiency  is  proved  not  only  by  the  non-existence  of  Purkinge  cells  and  the  character- 
istic molecular,  granular,  and  medullary  layers,  but  also  by  the  fact  that  the  restiform 
bodies  end  free  in  front,  and  do  not  join,  as  they  do  in  all  other  cases,  any  of  the 
tuberosities  of  the  brain.  Purkinge  cells  are  so  characteristic  of  the  cerebellum,  that 
even  in  animals  in  which  it  is  reduced  to  the  smallest  dimensions,  as  in  AmpJiihia, 
Ceratodiis,  &c.,  these  cells  are  still  found.  As  they  are  present  in  Ceratodus,  so  I 
should  have  presumed  that  they  would  have  been  found  in  its  nearest  ally  the 
Protopterus  annecteus,  but  Dr.  R.  Burckhardt,""  the  most  recent  writer  on  the  brain 
of  this  animal,  did  not  succeed  in  finding  them. 

The  general  idea  as  to  the  function  of  the  cerebellum  appearst  formerly  to  have 
been,  that  it  serves  to  coordinate  muscular  action,  but  recent  experiments  where  the 
animal  operated  on  recovered  that  faculty  after  a  time,  and  also  the  occurrence  of 
cases  where  the  cerebellum  had  been  destroyed  by  disease,  without  the  fact  having 
been  suspected  during  life4  has  rather  thrown  discredit  on  this  theory.  Ferrier§ 
assigns  the  faculty  of  equilibration  to  this  organ.  Altogether  its  function  seems  still  to 
remain  in  doubt,  and  probably  whatever  it  may  be  it  is  capable  of  being  exercised  by 
other  parts  of  the  brain  ;  and  here  in  Myxine  we  have,  as  it  were,  a  natural  experiment 
to  show  that  some  animals  can  get  on  very  well  without  any  cerebellum  whatever. 

Explanation  of  Plates. 
Fig.  1. — Dorsal  aspect  of  the  brain.     X  6. 

Fig.  2. — A  sagittal  section  of  the  brain,  close  to  the  mid  line ;  it  is  composed  of  more 
than  one  section  :  the  cells  and  the  optic  nerve  being  thus  placed  nearer 
the  central  Hne  than  they  would  be  naturally.    X  25.    The  figures,  con- 
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nected  by  a  line,  which  are  placed  above  and  below  this  section,  indicate 
the  position  of  the  transverse  sections  of  the  same  numbers. 
Fig.  3. — Transverse  section  through  the  tubercula  intermedia  and  the  infundibulum, 
X  25. 

Fig.  4. — Transverse  section  farther  back,  through  the  corpora  bigemina  and  aqueduct 

of  Sylvius.    X  25. 
Fig.  5. — Transverse  section  through  the  corpora  bigemina  behind  last.     X  25. 
Fig.  6. — Transverse  section  through  the  anterior  end  of  the  medulla  oblongata,  behind 

the  last.     X  42. 

Fig.  7. — Transverse  section  through  the  medulla  oblongata,  behind  the  last.     X  42. 
Fig,  8. — Sagittal  section  through  the  outer  side  of  the  medulla  oblongata.     X  42. 
Fig.  9. — Transverse  section  through  the  posterior  end  of  the  medulla  oblongata. 
X  42. 

Fig.  10. — Transverse  section  through  the  spinal  cord,  near  the  middle  of  the  body, 

showing  ventral  root  of  spinal  nerve.     X  200. 
Fig.  11. — Transverse  section  through  the  middle  part  of  the  spinal  cord  to  show 

dorsal  root.     X  200. 
Fig.  12. — Transverse  section  through  the  dorsal  part  of  the  cerebrum,     X  200. 
Fig.  13. — Transverse  section  through  the  ganglion  habenulse.     X  340. 
Fig.  14. — Cells  from  various  portions  of  the  brain.     X  700. 
a,  h,f,  g.  —  Cells  from  the  olfactory  lobe. 

e. — Cell  from  between  olfactory  lobe  and  the  cerebrum. 

c.  h. — Cells  from  the  cerebrum. 

d.  i. — Cells  from  the  corpora  bigemina. 

Fig.  15. — Transverse  section  of  the  degenerate  eye  and  the  neighbouring  parts.    X  42. 
V. — Upper  branch  of  the  trifacial. 


All  letters  have  the  same  signification  throughout. 


a.c.  Auditory  capsule. 
a.g.  Anterior  ganglion. 
aq.  Aqueduct  of  Sylvius. 
h.v.  Blood  vessels. 

Corpora  bigemina. 
Central  canal. 
Central  decussation. 
Cerebrum. 
e.g.  Central  ganglion. 
ch.  Chorda  dorsalis. 
c.pl.  Choroid  plexus. 
c  r.  Central  rod. 


c.hi. 
c.c. 
c.d. 
ce. 


crest.  Corpora  restiformia. 
d.m.  Dura  mater. 
d.r.  Dorsal  root. 
g.h.  Ganglion  habenulse. 
g.i.  Ganglion  interpedunculare. 
g.m.  Grey  matter. 
g.  VIII.  Ganglion  of  the  acusticus. 
g.  X.  Ganglion  of  the  vagus. 
hy.  Hypophysis. 
inf.  Infundibulum. 
I.  Part   of   the  membranous 
labyrinth. 
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l.c  Lateral  columns. 
l.v.g.  Lateral-ventral  ganglion. 
m.h.  Meynert's  bundles. 
m.o.  Medulla  oblongata. 
ol.l.  Olfactory  lobe. 
ol.sac.  Olfactory  sac. 
a.m.  Old  mouth  (Beard)  ? 
p.m.  Pia  mater. 
sp.  Spinal  cord. 
s.r.  Sinus  rhomboidalis. 
t.i.  Tubercula  intermedia. 
tr.  Trabeculum. 


v.c.hi.  Ventricle  of  the  corpora  bi- 
gemina. 

v'.l.c.  Ventral  longitudinal  columns. 
v.r.  Ventral  root. 
iv.m.  White  matter. 
T.  Olfactory  nerve. 
II.  Optic  nerve. 
V.  Trifacial. 
VII.  Facial. 
VIII.  Acusticus. 
X.  Vagus. 
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